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NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S,  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
PAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  LS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  "MAY  IN  ANY  WAY  BE  RELATED  THERETO. 
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Final  Report  - Oontraot  Hokp-I163(00) 
Fabrication  of  Four  Teat  Piece 


MSgfi> 

The  purpose  of  the  work  sucowjsfully  oo opiated  under  this  oontraot  was 
the  fabrication  of  four  spin  test  disos  of  titaniun  carbide  compositions  for 
test  at  the  Boeing  Airplane  Coxpanyo  Kennametal  was  required  to  give  the  bene- 
fit  of  its  experience  with  design;  fabrication  and  operation  of  snail  integral 
impellers  to  assist  in  the  design  of  suitable  test  specimens Q It  was  also  neces- 
sary, based  on  the  physical  properties  of  various  titaniun  carbide  compositions 
and  test  experience  with  then,  to  reoooosnd  proper  material#  from  which  to  fabri- 
cate the  specimens  to  withstand  the  conditions  contemplated  by  Boeing  is  their 
test  prograno  Fin  illy,  the  four  specimens  had  to  bo  fabricated  through  all  steps 
from  the  raw  materials  by  powder  metallurgy  processes  and  finish  ground  to  accu- 
rate dimensions c 

Che  of  Konnaaetal'e  engineers  visited  the  Boeing  Airplane  Company  at  the 
beginning  of  tho  oontraot  and  discussed  with  then  our  experience  in  the  design 
and  test  operation  of  fastenings  for  attachment  of  titanium  carbide  composition 
integral  discs  to  the  shaft  In  such  a way  as  to  minimise  stress  uoaoeutratioss* 
Thin  involves  the  avoidance  of  holes  and  threaded  connections  by  provision  of  a 
hub  on  the  face  of  the  disc  which  hub  is  gripped  preferably  externally  to  put 
the  carbide  Insofar  ae  possible  in  compression o A centering  boss  is  required  to 
keep  the  dine  concentric  with  the  shaft o Based  on  these  principles , the  general 
outline  of  the  attachment  and  assembly  was  agreed  upon  during  the  conference  o 
Boeing  subsequently  completed  the  details  of  the  designs  which  are  shown  in  draw- 
ing *b ♦ J»*539o 

The  choice  of  material  had  next  to  be  made  to  meet  the  test  conditions 
prescribed  by  Boeingo  Two  condition*  are  eventually  to  be  m»t0 

l.  Hot  spin  at  36,000  run  for  100  hours  at  1350<>F  blade 
tip  temperature^ 

2&  Hot  spin  at  36^000  rpm  for  100  hours  at  l6bO°F  blade 
tip  tempera turn  o 

The  compositions  roconrvended  for  oonsidsration  together  with  their  properties 
ere  listed  in  Table  lo  These  are  all  nickel  bonded  compositions  <>  In  addition 
to  the  properties  listed,  the  experience  of  turbine  testing  was  taken  into 
account o it  was  concluded  that  the  minimum  binder  content  of  40  percent  would 
be  required  to  insure  sufficient  toughness  is  the  canter  portion  of  the  disc 
and  would  at  the  some  time  retain  sufficient  high  texperature  strength  for  the 
rim  and  blades* 
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Slots*  Kennsaeisl  had  available  a process  for  wxdiag  together  two  differ- 
aat  titanium  carbide  eoapessitiond,  it  was  .also  proposed  that  orposite  epeelasns 
ba  nada  having  the  30  percent  binder  material  in  the  blades  and  rim  section  to 
provide  area  tetter  resistance  to  stress  at  high  teopereturea  and  higher  bindar, 
tourer  material  in  the  center*  Two  composite  apaolasns  war*  proposed  as  shown 
in  drawing  JK-pOl*  Both  of  these  specified  10.523  in  the  blades  and  ria*  Item  2 
has  EL53B  in  the  coster  section  and  I ten  3 has  &54B* 

The  compositions  end  designs  reoemeended  ware  approved  and  fabrication 
undertaken*  This  was  by  Kennanstai8a  standard  procedure  for  titanium  oarblda 
conpooitiona.  Tha  ball  Billed  powders  wore  packed  in  rubber  envelopes  shaped 
approximately  to  the  overall  shape  of  the  finished  specimens  end  hydro  statically 
pressed  using  the  large  "explosive*  pressing  ohamber.  Pressure  wee  approximately 
35*000  pel  in  all  eases*  The  pressed  "slugs"  were  then  trued  up  toy  grinding  and 
machining  and  ware  then  presintereA*  Thereafter,  the  machining  of  most  of  the 
final  detail  wae  carried  out  allowing,  of  course,  for  shrinkage  during  final  sia~ 
taring  and  stock  for  final  grinding*  In  the  oasc  of  th  cosposite  specimens,  the 
hub  and  rim  sections  ware  each  made  separately*  Sintering  of  all  parts  was 
carried  out  in  vacuum  with  the  parts  supported  on  suitably  shaped,  graphite  supports* 

After  sintering,  the  mating  surfaces  of  the  parts  of  the  composite  ©pool- 
Mens  hod  to  bo  accurately  ground  to  match  by  cylindrical  grinding 0 The  parts  were 
then  assembled  with  a *002  thick  nickel  shim  inserted  completely  erourd  between 
them*  They  were  then  reheated  in  the  vacuum  furnace*  Excellent  joint#  ware  ob- 
tained as  evidenced  by  visual  and  penetrant  inspection*  Previous  work  had  shows 
that  these  joints  are  strong  end  can  barely  be  detected  metallographioally  since 
the  nickel  diffuses  into  the  adjoining  areas* 

Tha  final  work  consisted  in  grinding  the  specimens  all  over  (except  on  the 
blade  faces  and  fillets)  to  final  dlnanslont  * Since  we  had  not  previously  made 
discs  of  tills  else  and  configuration,  minor  difficulties  with  shrinkage  allowance 
ware  encountered  which  necessitated  small  deviations  from  a few  drawing  dimensions* 
These  were  acceptable  to  Boeing  for  their  test  work*  Based  on  the  present  experi- 
ence, no  difficulty  should  bo  experienced  in  the  future* 

Aside  from  the  above  problem,  no  difficulties  were  experienced  in  the  fabri- 
cation of  those  specimens.  No  pieces  were  lost  and  none  had  to  be  rejected*  The 
last  two  specimens  ware  shipped  to  Boeing  Airplane  Company  on  February  19,  1954® 

Two  views  of  tho  first  rotor  shipped  are  shown  in  photographs  2147 A and  2147B° 
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